Honey is a natural product of complex composition, recognized for its numerous health benefits. It is believed that honey is especially valuable for prevention of diseases associated with oxidative stress. Antioxidative properties of honeys are mainly attributed to phenolic compounds. The aim of this paper was to determine total phenolic content (TPC) and antioxidant capacity (IC 50 ) in 19 Serbian honeys originating from five different floral sources -three monofloral (acacia, lime, sunflower) and two polyfloral types (meadow and forest). Analyses were performed spectrophotometrically using Folin-Ciocalteu method for total phenolic content determination and DPPH
INTRODUCTION
Honey is a natural product which has been consumed for centuries because of its high nutritive value and recognized health benefits (Alvarez-Suarez et al., 2010a). It is produced by bees (Apis mellifera) from nectar of plants, or from honeydew. Blossom or nectar honey is derived from the nectar of plants while honeydew honey comes from the secretions of living parts of plants or excretions of plant-sucking insects (Pita-Calvo and Vasquez, 2017). Generally, honey presents a complex mixture of over 200 compounds. It consists of carbohydrates (70-80% w/w) -mainly glucose and fructose, water (10-20% w/w) and other minor components such as organic acids, mineral salts, vitamins, proteins, enzymes, phenolic compounds and free amino acids (Ouchemoukh et al., 2007) . Honeys can be classified as monofloral or polyfloral. Monoflorals are products of one plant species containing mainly its nectar with minor presence of nectar from other botanical sources. Polyflorals originate from several plant sources, and they can be considered as a blend of few monofloral honeys with significant nectar or honeydew contribution from different plants (Gašić et al., 2014) .
Antibacterial, anti-fungal and anti-inflammatory traits of honey are well known and it has been used in traditional medicine even for wound healing (Basualdo et al., 2007) . Nowadays, it is recognized that mechanism of anti-inflammatory action is complex and could be the result of synergistic effect of different compounds, including phenolics. There are also studies that indicate that honey can help in certain gastrointestinal problems like gastric ulcer and gastritis and exert a hypoglycaemic effect (Erejuwa et al., 2010) .
It has been shown that honey, if administered alone or in combination with conventional therapy, has beneficial effect in diseases associated with oxidative stress (Erejuwa et al., 2012) . Antioxidant properties of honey are mainly attributed to phenolic compounds which act through stabilization of cell membrane reducing lipid peroxidation. Phenolic compounds are the main plant secondary metabolites. Their content is rather variable and mainly depends on floral source and geographical origin of honey. They can be classified to phenolic acids and their derivates (e.g. syringic, vanillic, coumaric, cinnamic, gallic acid...) and flavonoids (hesperetin, naringenin, luteolin, kaempferol, quercetin...). Other compounds that can express antioxidant activity include certain enzymes (glucose oxidase and catalase), ascorbic acid, proteins and carotenoids (AlvarezSuarez et al., 2010b). Generally, honey is considered as a potential health-promoting food and a rich source of antioxidants with beneficial effects on human health.
Beekeeping and honey production is developing branch of agriculture in Serbia. In order to examine the radical scavenging traits of Serbian honeys, the aim of this paper was to determine total phenolic content and antioxidant capacity in 19 honeys originating from five different floral sources (three monofloral and two polyfloral) produced in two beekeeping regions in Serbia.
MATERIALS AND METHODS
Honey samples were collected on territory of Republic of Serbia (Vojvodina and Central Serbia) in cooperation with Beekeeper organization of Serbia. They were categorized into five groups according to floral origin -monofloral: group A -acacia honeys with 5 samples (A1-A5); group Llime honeys with 3 samples (L1-L3); group S -sunflower honeys with 3 samples (S1-S3); and polyfloral: group M -meadow honeys with 5 samples (M1-M5) and group F -forest honeys with 3 samples (F1-F3) . The samples were also observed as monofloral (acacia, lime and sunflower honey) and polyfloral (meadow and forest honey).
All spectrophotometrical measurements were performed on Agilent 8453 UVVisible Spectroscopy System (Germany). Honey samples (1 g) were diluted in distilled water (10 mL) and stirred on a magnetic stirrer for 20 minutes. The obtained extracts were filtered through a cellulose membrane filter. All measurements were performed in triplicate.
Total phenolics content (TPC) was determined using Folin-Ciocalteu reagent, with modified spectrophotometrical method (Mimica-Dukić et al., 1994) with gallic acid as the standard. Concentrations of total phenolics were expressed as milligram of gallic acid equivalents per 100 g of honey (mg GAE/100 g of honey). Radical scavenging activity was evaluated spectrophotometrically after reaction with 2,2-diphenyl1picrylhydrazyl (DPPH . Radical scavenging capacity (RSC) was calculated according to formula: %RSC=100-(A sample x 100/A blank ). Data were presented as inhibitory concentration (IC 50 value) -concentration of sample in g/mL necessary for inhibition of 50% of DPPH radical.
Obtained data were analyzed using MS Excel and Origin 8.1. programs. The differences were considered significant at level 0.05.
RESULTS AND DISSCUSION
Obtained values for TPC in monofloral and polyfloral honeys varied from 13.39 to 29.07 and from 23.95 to 83.09 mg GAE/100 g, respectively (Table 1) . Ave-rage phenolic content of monofloral honeys (lime, sunflower and acacia) was 21.96 mg GAE/100 g while for polyfloral (meadow and forest) this value was 44.84 mg GAE /100 g. Polyfloral honeys also had two times higher antioxidant activity (average IC 50 value was 0.021 g/mL), comparing to monofloral samples with average IC 50 of 0.044 g/mL. Average TPC values obtained for polyfloral samples were 36.74 for meadow, and 58.35 mg GAE/100 g for forest honeys (Figure 1 (Figure 1 ). The highest phenolic content was observed in forest honeys (58.35 mg GAE/100 g), while the lowest was in acacia (17.36 mg GAE/100 g) which was presented in Figure 1 . Statistical ANOVA analysis of TPC data showed that samples did not differ based on botanical origin. The only significant difference (p<0.05) was noticed between acacia and forest samples ( Figure 1 ). These two honey types were also the brightest (acacia honeys) and the darkest (forest honeys) samples. A Slovenian study confirmed that forest honeys (fir, forest and chestnut honeys) are usually dark-colored, while acacia is a light-colored honey (Bertoncelj et al., 2007) . It has been shown that these dark colored honeys have more phenolic compounds compared to light colored (acacia, rape, itd) (Wilczynska, 2010; Bueno-Costa et al., 2016). This is in accordance with our results, although it should be emphasized that chromatic properties of samples were not determined in this study. Previously, it was also reported that dark-colored honey samples have high level of pigments, pollen, phenolic compounds and minerals (Bertoncelj et al., 2007) . Pontis et al. (2014) showed that darker honey samples had higher amounts of phenolics, flavones, and flavonols and increased antioxidant activity, while the correlation between TPC and honey color was the highest from all tested parameters.
Average TPC values of monofloral honeys were around 26 mg GAE/100g for lime and sunflower, while acacia honeys had lower phenolic content (Figure 1 The radical scavenging activity of individual honey samples varied between 0.004-0.12 g/mL ( Table 1 ). The highest average antioxidative potential was observed in polyfloral meadow honeys (0.015 g/mL), while the lowest was in monofloral acacia (0.067 g/mL) ( Figure 2 ). ANOVA test analysis of antioxidant activity showed that samples are not grouped according to floral origin. The only statistically significant difference (p<0.05) was noticed between IC 50 values of acacia and meadow samples ( Figure 2 ). It is difficult to directly compare these results with other literature data, because of the differences in data presentation. Still, some similar trends in samples from the region can be observed. Additionally, no statistically significant correlation was established between TPC and antioxidant capacity of polyfloral honeys (R=-0.12; p=0.77), which could imply that other compounds beside polyphenols contribute to their antioxidant activity. Since honey is a very complex natural mixture with various factors that influence its com-position it is challenging task to elucidate the role of certain non-phenolic compounds on antioxidant potential. It is also indicated that although phenolic compounds have significant antioxidant potential, there may be synergistic or antagonistic effects between phenolic and nonphenolic compounds (Savatović et al., 2011) . The other constituents such as ascorbic acid, α-tocopherol, carotenoids could possibly contribute to the total antioxidant activity. Also, importance of antioxidant capacity of some free amino acids and their correlation with radical scavenging activity of honey was pointed out (Meda et al., 2005) .
CONCLUSIONS
Performed study on honeys from different locations in Serbia showed that polyfloral samples on average had up to two times higher total phenolic content as well as antioxidant capacity than monoflorals. The highest phenolic content and antioxidative capacity was observed in forest and meadow honeys, respectively. These values were the lowest in monofloral acacia honeys, which statistically differed only from the highest results obtained for polyfloral samples in both tests. Generally, ANOVA test analysis of TPC and antioxidant activity showed that samples did not group according to floral origin. In monofloral honeys significant high negative correlation coefficient between TPC and IC 50 values was noticed. However, further studies of the individual phenolics in Serbian honeys are needed in order to get better insight into composition of these important health beneficial compounds.
